Abstract Biobased food packaging materials are gaining more attention owing to their intrinsic biodegradable nature and renewability. Selection of suitable biobased polymers for food packaging applications could be a tedious task with potential mistakes in choosing the best materials. In this paper, an expert system was developed using Exsys Corvid software to select suitable biobased polymer materials for packaging fruits, dry food and dairy products. If -Then rule based system was utilized to accomplish the material selection process whereas a score system was formulated to facilitate the ranking of selected materials. The expert system selected materials that satisfied all constraints and selection results were presented in suitability sequence depending on their scores. The expert system selected polylactic acid (PLA) as the most suitable material.
Introduction
The numerous types of biobased polymers coupled with their closely similar properties, often complicates their selection process for any application. Possible risk of neglecting best biobased polymer materials for intended applications may occur, when inaccurate selection decisions are done. Consequently, the developed product may fail to satisfy its designed purpose and thus, unable to fulfil the demand of end users. It may also contribute to non-compliance with prevailing safety and environmental regulations. In view of these risks, systematic selection procedures are employed to address potential material selection problems.
Material selection is the process of picking the best materials for a specific design (Thakker et al. 2008) . It is a significant step in developing new products or enhancing existing products (Maleque and Salit, 2013; Hambali et al. 2009 ). It contributes a crucial part in the development of products that are efficient, safe, quality and satisfactory to consumers. Material selection also helps to eradicate materials with potential environmental hazards from early stages of product development. Maleque and Salit (2013) recommended that one should know what product is to be developed or manufactured, what it does and how it does it. Providing appropriate answers to these questions at the initial stages of product development will enable effective product design and proper material selection. In order to resolve the issue of material selection for better product performance, many computerized material selection systems have been developed to select the most fitting materials for a certain application (Fairuz et al. 2012; Hambali et al. 2010) .
Exsys Corvid software helps to develop user-friendly expert system for any material selection purpose. The software assists users in choosing suitable materials from among a definable group of materials. Expert systems are problem solving and decision making systems based on knowledge of their task and logical rules. The selection decisions are based on logical steps that represent expertise of domain experts (Maleque and Salit, 2013) . Gonzalez and Dankel (1993) defined an expert system as Ba computerized system that uses knowledge about some domain to arrive at a solution to a problem from that domain. This solution is essentially the same as that concluded by a person knowledgeable about the domain of the problem when confronted with the same problem^.
Previous studies on material selection using various expert systems were reported in literature. Sapuan and Abdalla (1998) conducted material selection for composite pedal box system using rule and frame based expert system. However, the system was incapable to automatically rank the materials after the first selection stage. Sapuan and Mujtaba (2010) developed a computational framework for material selection of natural fibrereinforced polymer composite materials using neutral network. In their work, the initial stage of material selection process was carried out by neutral network whereas the ranking of selected materials was accomplished manually. Mun et al. (2009) also developed an expert system (PHPMY/ADMIN) for polymer material selection for automotive dash board. Their system could only select all the materials that fitted within the set range of properties. However, it was unable to suggest a single final candidate among the qualified materials.
Base on the above succinct drawbacks, Exsys Corvid expert system was developed in the current study for material selection. This software has the ability to select suitable materials and automatically rank them in a single step (Fairuz et al., 2012) . Binti Ahmad and Yaacob (2002) used Exsys Corvid software in the decision making for diagnosis of a suspected transformer faults and the appropriate maintenance actions to be taken based on dissolved gas analysis techniques. Alibaba and Özdeniz (2004) employed Exsys Corvid to construct an expert system for the evaluation and selection of suitable building elements for construction. Kowalski et al. (2006) came up with an online academic advising website using Exsys Corvid software to provide decision making knowledge and customized recommendations to students through an interactive interface. Pavleković et al. (2007) developed an expert system for detecting a child's gift in mathematics in the fourth grade of elementary school using Exsys Corvid software. Flior et al. (2010) studied the feasibility of using an Exsys Corvid based expert system to detect and respond to network threats and appropriately administrate a Linux-based iptables firewall in real-time. Fairuz et al. (2012) also developed an expert system using Exsys Corvid software for material selection of polymeric-based composites for fishing boat components. To the best of our knowledge, this work is the first to investigate biobased polymer material selection for food packaging using Exsys Corvid software. The primary objective of this investigation was to determine the most suitable biobased polymer packaging materials for fruits, dry food and dairy products to extend shelf-life, maintain nutritional and sensory quality, plus provide microbial safety.
Selection process
Structure of expert system for material selection Figure 1 illustrates the architecture of the developed expert system for biobased packaging material selection for food applications. Expert systems typically possess three main components which are knowledge base, inference engine and user interface. The relationship between these different components is shown in Fig. 1 .
The knowledge base of the expert system contains high level information coupled with expert-level heuristic rules for solving material selection problems in a particular domain. The domain knowledge and rules are inserted into the knowledge base by the knowledge engineer. The knowledge engineer acquires relevant domain information from online database, material handbooks and research publications. He/she also receives valuable data by holding verbal discussions with experienced design specification experts or other domain experts regarding the approaches and rules of thumb employed in solving material selection problems. Good communication with the domain experts enables the knowledge engineer to identify the factors that influences the selection of materials for a specific design. Consequently, this passed-on knowledge helps the knowledge engineer in formulating accurate rules of thumb to ensure suitable material selection for the known design specifications.
The inference engine provides the expert system with a systematic procedure for filtering through the knowledge base and electing the applicable rules in an orderly manner to reach recommended solutions (Farag, 2002) . In other words, the inference engine is considered as a computerized reasoning system that assesses the facts stored in the knowledge base and applies relevant rules to those known facts, and then deduces new facts. The new facts are communicated back to the knowledge base. The primary role of the inference engine is to distinguish, select and match the rules in knowledge base to obtain optimum solutions.
The inference engine serves as the link between the knowledge base and the user interface. The user interface permits easy interaction between user and inference engine. The users can key in significant parameters for the problem. In return, the user interface provides recommendations.
Biobased polymer material data acquisition and storage Firstly, biobased polymer materials were sieved out from material handbooks, online database and research articles. However, data are scarce compared to petroleum-derived polymers. Information on the most crucial properties of biopolymers which determines their suitability for application in the food packaging industry are widely scattered over many sources.
The most essential material properties with regard to food packaging were classified into four intrinsic properties which are mechanical, thermal, gas barrier and water vapour barrier properties (Weber 2000) . Compostibility of the materials was also included for environmental safety consideration. The focus of the selection was on these five mentioned properties. The mechanical and thermal properties were recorded as quantitative data whereas gas and water vapour barrier properties and compostibility of materials were in qualitative data format such as Excellent, Very good, Good, Fair and Poor. Each qualitative datum was represented by a grade (i.e. Excellent = 5, Very good = 4, Good = 3, Fair = 2, Poor = 1).
The developed expert system (Exsys Corvid) has a database system feature called MetaBlock. Data of material properties were stored in MetaBlock. Each row and column in the MetaBlock represents a particular biobased polymer (i.e. PHB, PLA, maize starch, etc.) and material property (i.e. gas barrier, water vapour barrier, tensile strength etc.), respectively. Material data can be stored in MetaBlock (Fig. 2 ) directly using MetaBlock data editor window which allows data to be added, edited and deleted. The second alternative method of storing material data in MetaBlock is by importing data into MetaBlock from external material sources. In the present work, biobased polymer materials with relevant properties were entered in Microsoft Excel spread sheet and then transferred into the MetaBlock to create a database for food packaging material selection. If -Then rule system Domain experts are able to make complex material selection decisions by considering numerous relevant factors to reach solutions. Interestingly, the expert system captures this decision making logic of domain experts as rules that are processed by the inference engine. The If -Then rules simply imitate the critical thinking technique used by domain experts when solving material selection problems. Knowledge acquired from domain sources are converted into If -Then rules during the construction of the knowledge base. The If -Then rules of thumb are rules where there exist an If part that can be tested to be true or false based on the data in the knowledge base. When the If part is true, then the statement in the Then part is considered true and vice versa.
With the Exsys Corvid software the rules are formulated in the Logic Block system in the format of: IF < attribute 1 > THEN <-solution A>, meaning, if attribute 1 is true, then solution A also must be true. Most material selection problems involve multiattribute decision making. Therefore, the reasoning mechanism to determine which materials are suitable can be illustrated by the general format of If -Then rules shown in Fig. 3 .
For the chaining process, if attribute 1 and attribute 2 and attribute 3 are true, then solution A will be true. Similar rules are constructed for each of the heuristics in the decision making process to obtain the logic for the expert system. The rules can be chained either forward or backward direction. However, the present work was forward chaining because it commenced from the event of new data input. Therefore, this chaining process is also known as event driven or data driven.
Scoring system
The developed expert system was designed to select suitable biobased polymer materials for food packaging applications as well as arrange the qualified candidates in order of excellence. Hence, a scoring system was formulated to enable the system arrange suitable selected materials depending on their scores. Each attribute is represented by a score in the logic rules which are finally accumulated to provide an overall score for each material. The closer the attribute values to the maximum attribute specification, the higher the score assigned to the material. Figure 4 shows a sample format of individual IfThen rules together with the scoring system that are described in the Logic Block to make-up the overall decision.
The score for each attribute is calculated as illustrated in Equations (1) -(3). The final score is the accumulated score of all the given attributes as in Equation 4. Score for attribute 1
Score for attribute 2
Score for attribute 3
Score ½ ¼ Score for attribute 1 þ Score for attribute 2 þ Score for attribute 3 ð Þ
Reporting system of selection results
The variable 'Report' was used in the Logic Block as a command to display the results of the material selection. The 'ADDSORTED' feature which was attached to 'Report' as shown in Fig. 4 enables the system to sort each selected material base on its score value. Therefore, these selected materials are sorted from the highest to the lowest scores. This indicates that the material with the highest score is the most eligible candidate for the desired design specification.
Case study: Biobased polymer material selection for Food packaging applications
Food packaging materials
The purpose of food packaging is to efficiently guarantee safety and preserve the quality of food products from production through handling and storage, and finally to consumer uses (Weber 2000) . The absence of packaging or deficiency in packaging leads to rapid deterioration of food quality and safety, instigating enormous commercial losses of valuable foodstuffs. Petroleum-derived plastic polymers, metals, glass, paper and board, or their combination are commonly used for food packaging (Weber et al. 2002) . However, petroleumbased polymers such as polyethylene and polystyrene are dominantly utilized in the food packaging industry (Cha and Chinnan 2004) . Though man-made polymers derived from petroleum are still the overriding food packaging material, they are considered as the principal source of solid waste generation due to their non-biodegradable nature (Rhim and Ng 2007) . Out of~200 million tons of petroleum-derived Fig. 4 Sample of If -Then rules, scoring and reporting systems used in this work plastics produced globally, packaging proves to be the largest single market for plastics, amounting to over 12 million tons per year (Zhang et al. 2002; Rhim and Ng 2007) . Therefore, it is considered necessary for packaging materials to biodegrade in an acceptable time period after use to eliminate environmental waste disposal problems. In this regard, biobased packaging materials are not only environmental waste problem free, but also possess commendable properties to maintain food quality and prolong food shelf-life. Biobased packaging films may also serve as carrier of some active substances such as antimicrobial, antioxidant etc. (Rhim and Ng 2007) .
Biobased food packaging materials
Keywords such as Bbiopolymers^Bbiobased-plasticsB biodegradable^Bcompostable^Brenewable^Bsustainableê nvironmentally-friendly^Beco-friendly^and Bgreen^are now a common sight in packaging-related literatures. This observation sends an imperative signal regarding the drastic awareness and concern about environmental issues which are triggered by non-biodegradable plastic waste problem together with fast exhaustion of global petroleum reserves. Peoples growing concerns in relation to the negative environmental impacts of petroleum-derived plastics especially for packaging brought biobased food packaging materials into spotlight. Biobased packaging deals with packaging that contains raw materials from renewable sources (i.e. agricultural and marine sources). Weber et al. (2002) reported that BBiobased food packaging materials are materials derived from renewable sources and they can be used for food applications^. Figure 5 shows the three main categories of biobased polymers To satisfy the demand of customers for safe and high quality food while shrinking waste disposal problems, biobased polymers are being explored as better alternative to conventional food packaging plastics. Biobased polymers such as polysaccharides, proteins, lipids, PLA and PHA have gained significant attention for the development of environmentallyfriendly food packaging materials to surrogate their nonbiodegradable polymer counterparts (Guilbert et al. 1996; Gennadios et al. 1997; Krochta and De Mulder-Johnston, 1997; Cuq et al. 1998; Rhim and Ng 2007) . They have secured increasing focus owing to their numerous inherent advantages such as renewability, sustainability, biocompatibility, biodegradability, compostibility, processability and less energy dependence during processing (Grenha et al. 2010; Rasal et al. 2010; ValderramaSolano and Rojas de Gante 2014) . Recent technological innovations and the inbuilt properties of biobased plastics films fuelled their accelerating usage as suitable food packaging materials (Cha and Chinnan 2004) .
Exsys Corvid expert system for biobased food packaging material selection Food packaging materials are designed to physically protect and generate acceptable physicochemical conditions for food products that are intended to attain satisfactory shelf-life. Hence, selecting suitable packaging materials bestowed with proper gas and water vapour barriers and mechanical properties would help to preserve food quality during storage and handling as well as prevent their premature deterioration. The packaging requirements of food products are complicated due to their dynamic nature with limited shelf-life (Weber, 2000) . Thus, stringent food packaging requirements should be met to guarantee food quality and safety. In this light, potential biobased packaging materials must undergo vigorous selection processes in order to satisfy specific food packaging needs. However, most food packagers found it quite challenging to figure out the best biobased materials for specific food products, since these biobased materials possess diverse properties. Therefore, an expert system was developed to ease the task of food packagers and other users in selecting the most fitting biobased packaging materials for different food products. In the expert system, rules were set for the inference engine to facilitate material selection for three types of food products (i.e. fruits, dry food and dairy products). Each product has a specific packaging requirement. successfully fulfilled all the design requirements specified in the logic rules and the ones that failed the constraints. The materials that satisfied all constraints were selected as the suitable candidates for that particular food packaging application. On the other hand, if any material violates the constraints, the system automatically disqualifies that material. For example, the minimum tensile strength for fruit packaging materials is set at 5 MPa while the maximum is 60 MPa. Therefore, any material less than 5 MPa will be automatically disqualified (negative score value). For materials within the desired range of 5 -60 MPa, Eq. (1) is use to determine the score for the material's tensile strength (score between 0 and 1). Similar procedure is implemented for tensile modulus, glass transition and melting point temperature.
In the case of compostibility, gas and water vapor barrier properties, the requirements are actually qualitative but represented in grading format such as excellent = 5, very good = 4, good = 3, fair = 2 and poor = 1. For example, the minimum compostability requirement for food packaging materials must be 3 (good) to prevent waste disposal problems. Therefore, any material which has fair or poor compostability will be automatically disqualified. The same steps are followed for gas and water vapor barrier properties. Figure 7 shows a user interface window that is displayed for the users to choose which type of food packaging they are considering for the selected biobased material. Upon clicking the desired type of food packaging, the selected biobased materials are displayed in sequence with the most suitable biobased polymer material on top. The selected materials were displayed together with their properties.
Presentation of selection results
The results of the biobased polymer material selection for fruit, dry product, dairy product packaging and food service wares are presented in Fig. 8 . PolyLactic acid (PLA) was selected as the most suitable biobased polymer material for all four food packaging applications with different scores as shown in Table 1 . This implies that PLA fulfilled all the design requirements for each application and satisfied the constraints of the rules. Thus, it was selected as the best candidate with the highest score for each design packaging application.
Conclusions
Exsys Corvid expert system developed in this work is an example of a knowledge-based system that simulates the thinking logic of field experts for proper decision making. The IF -THEN rules were used for the system to select suitable biobased food packaging materials. The outstanding advantage of using this expert system is its ability to choose and rank the selected materials according to their proximity to the design specifications.
The direct focus of this paper was to develop an expert system for the selection of suitable biobased polymer materials for food packaging applications. Interestingly, polylactic acid (PLA) was selected as the most suitable biobased polymer material for all four food packaging applications. Based on the results obtained, we are hopeful that such expert system can ease the task of material selection for both domain experts and non-experts. Furthermore, the work can be extended to cover other industrial applications regarding materials selection tasks. 
